are described for the first time based on six individuals collected from the feces of proboscis monkeys, Nasalis larvatus, in the Lower Kinabatangan Wildlife Sanctuary, Sabah, Malaysian Borneo. The males show identical cephalic morphology to females, being readily distinguishable from their congeners by the serrated inner margins of the lips. The bicolored esophageal corpus, long thin spicule and developed spicular pouch with paired muscular bands are also remarkable characteristics, presumably shared by other Asian members of the subgenus.
Introduction
Enterobius (Colobenterobius) serratus Hasegawa et al., 2003 was originally described based on female worms discharged in the feces after anthelmintic treatment of an infant proboscis monkey (Nasalis larvatus), a primate endemic to the island of Borneo (Hasegawa et al., 2003) . Since then, no additional worms have been collected, and hence male morphology remains unknown. During a survey of host-parasite community interactions, numerous fecal samples of wild primates living along the Kinabatangan floodplain in Sabah (Malaysian Borneo) were collected (Frias, 2019) . Feces were filtered through nylon mesh and the filtrates were used for parasite egg counts (Frias, 2019) , while pieces of mesh containing fecal residues were preserved separately for later examination to recover trapped minute worms (Hasegawa, 2009 ). This report presents the results of the mesh examination, along with the first description of male worms of E. (C.) serratus. Esophageal morphology and the spicular pouch were also compared among representative species of pinworms parasitic in primates to establish new criteria for subgeneric classification.
Materials and Methods
Fecal sample collection was conducted in the Kinabatangan floodplain (Sabah, Malaysian Borneo) between September 2014 and November 2018. Collected feces were strained through a 330 μm Saran TM mesh (Asahi Kasei, Japan). Details of the fecal collection, filtration procedure, and results of coproscopic examination and egg counts are given in Frias (2019) . A total of 341 mesh pieces used for fecal filtration were subjected to the present examination. Each mesh piece was washed with running tap water on a stainless strainer with an aperture size of 160 μm or 250 μm. The residues left on the strainer were transferred to a Petri dish and examined under a stereomicroscope to recover helminths (Hasegawa, 2009 ). The worms found were rinsed in 70% ethanol, cleared in glycerol-ethanol solution by evaporation of ethanol, mounted on a glass slide with 50% glycerol aqueous solution, and observed under an Olympus BX50 microscope equipped with a differential interference contrast apparatus and a drawing tube. En face cephalic morphology, lateral alae, caudal papillae arrangement and the spicular pouch were observed on hand-sectioned fragments.
Female specimens of the species listed in Table 1 were also processed in the same way as those described above and their esophageal morphology was examined for comparison.
The spicular pouch morphology was also observed in hand-sectioned males of E. (C.) emodensis Hasegawa et al., 2018 , E. (Enterobius) vermicularis (Linnaeus, 1758 and Lemuricola (Protenterobius) nycticebi Baylis, 1928, which were collected along with the females listed above. 
Results
Pinworms were found in feces of three primate species (Table 2 ). The morphology of L. (P.) nycticebi has been reported elsewhere . The female worm of Pongobius sp. recovered from orangutan feces was heavily decomposed, preventing detailed observation and species identification. The six male worms found in four samples from proboscis monkeys were well-preserved, except for the distal portion of the spicule that was lost in two individuals. Their morphology is described below. Figs. 2, 4 ). Dorsal lip with two cephalic papillae; subventral lips each with one cephalic papilla and amphidial pore; distance between amphidial pores 44-49 μm (n=2) (Fig. 3, 4) . Slots present between lips and pharynx (Fig. 3) . 
Comparison of esophageal morphology
The original description of female E. (C.) serratus did not report dark granules in the posterior half of the esophageal corpus. Upon re-examination of the female specimens, the presence of a bicolored esophageal corpus, similar to that observed in male worms, was confirmed ( Fig. 9 ). This feature was also shared by E. (C.) emodensis (Fig. 10) , characterized by a clear junction between light and dark portions (Hasegawa et al., 2018) . Moreover, the female of E. (C.) pygatrichus Hasegawa et al., 2002 was also found to possess a similar dark posterior portion of the esophagus, though less manifested (Fig. 11) . Meanwhile, such a clear boundary was not observed in the esophageal corpuses of E. (E.) macaci Yen, 1973, E. (E.) et al., 1965 (Figs. 12-18) .
Comparison of spicular pouch morphology
Among the four species observed, E. (C.) serratus showed the largest spicular pouch (Fig. 19) , while that of E. (C.) emodensis, although somewhat smaller in size, was well developed and with paired muscular bands (Fig.  20) . Meanwhile, those in E. (E.) vermicularis and L. (P.) nycticebi were thin-walled and lacked developed paired musculature (Figs. 21, 22) . 
Discussion
The cephalic morphology of the males examined here, having serrated inner margins of the lips, coincides with that of female worms of E. (C.) serratus described from N. larvatus by Hasegawa et al. (2003) . Hence, both male and female worms exhibit identical cephalic morphology, being readily distinguished from other known members of the subgenus by this feature. A long, narrow spicule over 200 μm in length seems to be the common feature of Asian species of the subgenus Colobenterobius: 350 μm in E. (C.) zakiri Siddiqi et al., 1954; 200-210 μm in E. (C.) presbytis Yen, 1973; 290 μm in E. (C.) longispiculum Quentin et al., 1979; 197-238 (x̄ = 223) μm in E. (C.) emodensis, and 227-248 (x̄ = 241) μm in E. (C.) serratus (Siddiqi et al., 1954; Yen, 1973; Quentin et al., 1979; Hugot, 1987b; Hasegawa et al., 2018) . Exceptionally, the spicule of E. (C.) entellus from a Hanuman langur (Semnopithecus entellus) reared in a zoological garden in Giza, Egypt, was only 110 μm long (Hugot, 1987b) . In contrast, the African representatives of the subgenus possess shorter and/or stouter spicules except for E. (C.) inglisi, whose spicule was 300 μm long (Wahid, 1961; Hugot, 1987a) .
The prominent spicular pouch is of special interest, as its paired muscular bands are presumed to act as protractors (cf. Gibbons, 2002) . The development of a protractor may be related to the length of the spicule, as the eversion of a long spicule requires strong muscles. Such developed spicular pouch has also been suspected for the long-spicule species of the subgenus Colobenterobius, namely E. (C.) longispiculum, E. (C.) zakiri, E. (C.) presbytis and E. (C.) emodensis, but also in the short-spicule species E. (C.) entellus (see Fig. 1E of Quentin et al., 1979 , Figs. 2G, 4J, 6E of Hugot, 1987b , and Fig. 5 of Hasegawa et al., 2018 . A developed spicular pouch has not been observed in African members of Colobenterobius though its status in E. (C.) inglisi, the long-spicule species, remains unknown (Hugot, 1987a; Hasegawa et al., 2008) . The systematic significance of the spicular pouch should be further studied in various pinworms of primates.
Besides these features, the bicolored esophagus seems to be a remarkable characteristic, previously described in E. (C.) emodensis and regarded as a species-specific feature (Hasegawa et al., 2018) . However, the present observation demonstrates that the three members of Colobenterobius share this trait. Because such bicolored corpuses are not observed in the pinworms belonging to the subgenus Enterobius or in those of the genus Trypanoxyuris or Lemuricola, it is suspected to be specific of Colobenterobius. Although the esophagus of nematodes is often regarded as a pumping organ composed of muscular tissue, its walls also contain glandular cells (Chitwood and Chitwood, 1950;  MALE WORMS OF ENTEROBIUS (COLOBENTEROBIUS) SERRATUS Zootaxa 4722 (3) © 2020 Magnolia Press · 293 Bird and Bird, 1991) . In the future, it may be necessary to elucidate the nature, presumably secretory, of the colored granules. Moreover, attention should be paid to elucidate whether the granules are originally colored or secondarily stained with host bile (or foreign pigment) in the host feces after the death of the worm.
